Poly(A)-containing RNA was isolated from ovaries of Xenopus laevis laevis and Triturus cristatus carnifex and used as a template for the synthesis of radioactive complementary DNA with RNA-dependent DNA polymerase. When annealed with an excess of homologous DNA, the complementary DNA is rendered double-stranded with kinetics that suggest that the coding sequences are singlecopy in both these organisms. In Triturus, these sequences are distinct from the majority of the genome, which consists of repeated sequences, and distinct from the ribosomal cistrons, which are present in proportion to the increase in C-value relative to the Xenopus genome. Moreover, the number of different poly(A)-containing molecules in the ovary (sequence complexity) is the same in Xenopus and in Triturus.
There exists an enormous variation in C-value (DNA content per haploid genome) among eukaryotic organisms (1) . Even within a single class of organisms, large differences have been detected. These are most striking in the class Amphibia, in which C-values vary by two orders of magnitude (2) . In particular, the Urodeles contain large amounts of DNA per haploid genome, e.g., Triturus crustatus carnifex has about 21 pg while Amphiuma and Necturus contain more than 100 pg of DNA per haploid genome (2) . These values can be contrasted with Xenopus laevis laevis and most mammals, which have about 3 pg of DNA per haploid genome (3, 4) .
On the basis of this range of DNA values and cytological evidence from various sources, Callan proposed that chromosomal DNA, and in particular genetically significant DNA, is arranged in tandemly repeated sequences (5) . These repeated sequences consist of a "master" sequence and "slave" sequences; the "master" sequence would be subject to mutational and recombinational events while the "slave" sequences would be corrected once per life-cycle to reflect the sequence of the "master" sequence. The formation of extended lampbrush loops during meiotic prophase was proposed as the stage at which this correction process takes place.
In order to test this proposal, and in order to understand the organization of the eukaryotic genome in Urodeles of high C-value, we have examined the reiteration frequency of DNA sequences complementary to poly(A)-containing RNA isolated from ovaries of Triturus cristatus carnifex. This fraction of the cellular RNA, assumed to be enriched for coding sequences, was transcribed with RNA-dependent DNA polymerase to make a radioactive DNA copy. This cDNA was Abbreviations: cDNA, complementary DNA; phosphate buffer, equimolar Na2HPO4 and NaH2PO4; Cot, product of DNA concentration and time in mol-sec/liter. annealed with an excess of unlabeled Triturus DNA in order to measure the reiteration frequency of the fraction of the genome corresponding to these sequences (6) The 18S region from a sucrose gradient was pooled, precipitated, and repurified by acrylamide gel electrophoresis. The 18S peak was eluted, precipitated, and suspended in distilled H2O. The specific activity was 0.5 X 106 cpm/pg. DNA excess hybridization was performed as described (12) with a DNA/RNA ratio in excess of 3 X 104 (DNA > 3 mg/ml; RNA = 0.1 ug/ml). Aliquots were removed at the indicated Cot values and assayed for the percentage of RNase-resistant "2P as described (12 (31) , which presented similar data on DNA from various other Urodeles, as analyzed with hydroxyapatite. In principle, a small amount of radioactive nucleic acid added to a vast excess of nonradioactive DNA can be used as a tracer in order to follow the reassociation of the portion of the genome complementary to the radioactive sequences (13, 14) . The kinetics of this reassociation can be used to estimate the reiteration frequency of this subset of the genome. In Fig.   2 (Fig. 3) . Renaturation experiments with an excess of unlabeled DNA. DNA renaturation was performed as described (13) with 0.24 M phosphate-EDTA (equimolar Na-phosphate buffer with 1 mM EDTA) at 700. DNA concentration was greater than 10 mg/ml, and the DNA to cDNA ratio was at least 3 X 10'. Samples were diluted to 0.12 M phosphate buffer. Fractionation on hydroxyapatite was as described (6) . Fractionation with nuclease S1 (18) was as follows: Samples were diluted to a final DNA concentration of 250-300 ,ug/ml in a solution with the final composition: 48 mM phosphate buffer, 0.2 mM EDTA, 20 mM NaCl, 30 mM NaOAc (pH 4.5), 0.6 mM ZnSO4, 52 mM acetic acid. Samples were divided into two aliquots, one of which was treated with nuclease S1. Both aliquots were incubated at 500 for 40 min, precipitated with trichloroacetic acid, filtered, and counted in toluene-based scintillant as described (13 This cDNA was used as a radioactive tracer and annealed with an excess of homologous DNA (Fig. 4) . As analyzed on hydroxyapatite (Fig. 4A) , the Xenopus DNA complementary to this radioactive cDNA appears to renature with secondorder kinetics. The Cot'/2 was about 200 to 400 under these conditions, faster than the single copy (final) transition of total Xenopus DNA (Fig. 1) The same reassociation experiments were analyzed with single-strand-specific nuclease S1 (Fig. 4B) The effect of base mismatching on the rate of renaturation is relatively small (19) . Nevertheless, were the Triturus cDNA DNA duplexes considerably mismatched, this would lower the rate of reassociation and therefore lower the apparent reiteration frequency of these sequences. In order to test this possibility, the cDNA DNA duplexes were melted (Fig. 5) (Fig. 6) . In both cases, the hybridization takes place with similar, and perhaps identical, kinetics. The data indicate that the sequence complexity of the poly(A)-containing RNA is very similar in the two cases.
The abscissa of Fig. 6 segment is the same in the poly(A)-containing RNA of both Xenopus and Triturus, the concentration of RNA sequences complementary to cDNA will be proportional to the concentration of poly(A). The sizes of the poly(A) sequences were measured by acrylamide gel electrophoresis and found to be very similar in the RNA from the two organisms (Fig. 7) . This justifies the use of poly(U) hybridization to measure "reactive" RNA concentration in the experiment shown in Fig. 6 . DISCUSSION Although there is a general progression in C-value from primitive eukaryotes through nonchordate metazoa and chordates, there exists great variability within several phylogenetic groups. This is particularly true for fish, insects, and amphibia. The latter group includes related organisms that differ widely in their C-values; indeed, the family Pelobatidae (Order, Anura; Suborder, Anomocoela) contains genera that differ by a factor of five in DNA content (2) . It is unlikely that this difference is due to the high C-value organism being substantially more complex than the corresponding low C-value organism. There is also no obvious reason to expect Triturus to be phenotypically seven times more complex than Xenopus. Our results strongly suggest that the sequence complexity of ovary mRNA is the same for these two organisms. The results also suggest strongly that in each case mRNA is transcribed preferentially from the single-copy fraction of the DNA. This is in agreement with previous work from this and from other laboratories on mRNA sequences in various organisms (20) (21) (22) (23) . This result is particularly striking in Triturus, since the majority of the genome consists of repeated DNA. In contrast, the majority of Xenopus DNA renatures with a Cot,/, consistent with the representation of these sequences once, or at most twice, per genome (Fig. 1) . It should also be noted that the percentage of repeated DNA in the Xenopus genome is smaller as measured optically than as measured on hydroxyapatite (about 25% as opposed to 45%) ( Fig. 1 and ref. 25) . Davidson and Hough (24) for the Tm of reassociated nonrepetitive Xenopwu DNA. Certainly, there exists no mismatching of the extent necessary to affect rates of reassociation and affect the conclusion drawn from the experiment in Fig. 4 (19) .
The data in Figs. 6 and 7 suggest that the ovaries of "both species contain the same sequence complexity of poly(A)-containing RNA. In RNA excess, the cDNA provides an effective tracer of the frequency distribution of the poly(A)-containing RNA; the more complex an RNA population is, the lower the concentration of the individual RNA sequence and the slower the hybridization of the homologous cDNA. The concentration of poly(A)-containing RNA was assayed by measuring the poly(A) content by hybridization with radioactive poly(U) (7) . The advantage of this approach is that it avoids three potential problems that are encountered if measurements of this sort are made on the basis of RNA concentration. These are: (a) genuine differences in the mean size of the poly(A)-containing RNA populations from the two species, (b) limited cleavage of the RNA during preparation, and (c) contamination of the poly(A)-containing RNA by RNA that does not contain poly(A) (which is not transcribed but contributes to the absorbance of the RNA).
The experiments presented in Figs. 3 and 6 strongly suggest that the basic transcription patterns in Xenopus and Triturus ovaries are very similar. In both cases, mRNA is transcribed preferentially from the single-copy fraction of the genome, in agreement with previous results on other systerns (20) (21) (22) (23) (24) . Second, the number of different RNA species present in the ovaries of the two organisms is similar. It is however, possible that the first conclusion is valid only for transcription in the ovary. Other cell types may synthesize larger percentages of messenger RNA from the repetitive portions of the genome. Also, the first conclusion depends on the relative efficiency of different mRNA molecules as templates for RNA-dependent DNA polymerase. Were the mRNA molecules transcribed from the repetitive fraction of the genome relatively poor templates for the enzyme, we would tend to underestimate the contribution of repetitive DNA transcripts in the mRNA population. The second conclusion is subject to a similar criticism. If mRNA molecules of a particular frequency class were poor templates or unable to act as templates for RNA-dependent DNA polymerase, this would change the relative contribution of the various frequency classes to the total mRNA population.
Within these limits, the data strongly suggest that the Tniturus genome contains single-copy DNA that can be detected by use of radioactive cDNA as a tracer. This single-copy DNA is the preferential, if not exclusive, site for the synthesis of informational RNA in the Triturus genome. The data argue strongly against any serial repetition of gene sequences and, therefore, argue strongly against the need for any correction mechanism to maintain Mendelian inheritance of mutational events incurred through evolution (5) . The data also render all the more puzzling the function, if any, the enormous quantity of repetitious DNA in Triturw and perhaps in all organisms with a high C-value.
